In many urban African labour markets, women outnumber men in self-employment, even though gender earnings gaps are larger for the self-employed than the wage-employed. In this paper, we suggest an explanation for this pattern using a search and matching model that allows for individual heterogeneity and participation in both self-and wage-employment as well as discrimination against women in the wage sector. We show that discrimination in wage-employment can generate gender earnings gaps across all sectors of the economy, even if the underlying ability distributions for women and men are identical. This result arises because discrimination creates extra frictions for women, making it harder for them to select occupations according to their comparative advantage. Moreover, the earnings gaps that arise turn out to be larger for the self-employed, even though it is not the self-employment sector that is characterised by discrimination. Policy makers may therefore need to target the wage sector in order to address gender inequality for the self-employed. JEL classifications: J46, J60, J71
Introduction
Female participation in self-employment is prevalent in urban Africa. In urban Ghana, self-employed women outnumber self-employed men by a ratio of nearly 3:1. However, gender earning gaps are far larger in self-employment than in the wage sector. For the self-employed, men's earnings are approximately double those of women at the median, and observable worker characteristics do little to explain this gap. For the wage-employed, however, the earnings differential at the median is around 25%.
There are several potential reasons why these patterns might arise. Self-employment may be characterised by more gender-based discrimination than the wage sector, driving a larger wedge between the earnings of women and men. For example, women may face additional credit constraints when trying to start or expand their businesses or they may struggle to sell their goods to prejudiced consumers. At the same time, there may be non-pecuniary benefits-such as flexible working hours or independence-which attract women to self-employment in spite of these drawbacks. Additionally, there may be productivity differences between women and men that generate gender earnings gaps across all sectors of the economy, but which cannot be easily observed, especially for the selfemployed. The variables typically included in Mincer regressions are likely to carry less Lain IZA Journal of Development and Migration (2019) 9:6 Page 2 of 35 explanatory power in self-employment, where entrepreneurial talent, motivation, and other characteristics that are difficult to measure may matter more. In this paper, we offer an alternative explanation, which assumes no discrimination in the self-employment sector and no productivity differences between women and men. Instead, gender earnings gaps in all sectors of the economy are driven solely by discrimination in the wage sector. Our model adopts a search and matching framework in the spirit of Mortensen and Pissarides (1994) -also known as random matching and bargaining-where unemployed individuals can choose to search for jobs in wageemployment, self-employment, or both, depending on their returns in each sector. Workers are heterogeneous along two dimensions. Firstly, their gender determines whether they will face discrimination in trying to obtain wage sector jobs. However, workers also differ in terms of their self -employment productivity. By allowing for search frictions as well as individual heterogeneity, our model captures both segmentation and sorting in the labour market.
The search and matching framework provides an apt arena within which to examine discrimination. Firstly, matching frictions afford firms monopsony power, which they may exploit to satisfy any preferences they have for discrimination. In competitive labour market models, discriminatory outcomes-such as gender earnings gaps-typically cannot persist, because prejudiced firms will be disadvantaged compared to unprejudiced firms when trying to recruit workers (Becker 1957) . Secondly, matching models allow us to consider the outcomes of the unemployed, which would not be possible if workers could move freely between wage-and self-employment. Finally, we are able to couch discrimination in terms of the matching function itself, by adding extra friction into the process through which women obtain wage sector jobs compared to men.
In order to guide our modelling approach and verify our simulation results, we present evidence from a panel dataset collected in urban Ghana between 2004 and 2013. This builds on a large empirical literature on informality in urban Africa (Hart 1973; Kingdon et al. 2006; Falco et al. 2011; Fields 2011) . Ghana provides a useful context within which to investigate gender differences in occupational selection since the labour force participation of women is relatively high. 1 Our model is able to explain differences in average earnings between men and women in both wage-and self-employment-in line with the Ghanaian data-without assuming any differences between the innate ability distributions of each gender. The frictions inherent in the job matching process prevent workers from selecting occupations entirely on the basis of comparative advantage, which reduces average productivity in all sectors. With discrimination, these frictions are more severe for women than for men, pushing women even further away from the jobs in which they have comparative advantage. The results therefore echo Roy's (1951) classic model of occupational selection. Additionally, our model mirrors the observation that gender earnings gaps are larger for the self-employed than the wage-employed. This is, in part, because the earnings of the self-employed are determined directly by their productivity, whereas wage sector earnings are governed by bargaining between workers and firms.
Our model's predictions about the sectoral composition of the economy also match what is observed in the Ghanaian data. As anticipated, wage sector discrimination drives women away from wage-employment, which in turn increases the number of unemployed and self-employed women. However, it also emerges that there are spillover effects Lain IZA Journal of Development and Migration (2019) 9:6 Page 3 of 35 on men, with their participation in wage-employment rising at the expense of selfemployment when discrimination is introduced into the model. Discrimination increases men's chances of successfully matching with a firm, because they are insulated from competition for jobs from women, and because firms create more vacancies to ensure they can still operate. To our knowledge, this is the first attempt to analyse discrimination in a search and matching model that allows for both wage-and self-employment. We build on two key strands of the theoretical literature. Firstly, we complement a growing body of work, which uses search models to assess the impacts that informal sectors or self-employment sectors have on labour market outcomes in developing countries. Our approach draws most directly on the model of Albrecht et al. (2009) and later adapted by Kerr (2012) , to allow for self-employment as well as wage-employment in a random matching and bargaining model. Secondly, the paper also draws upon a wide range of existing studies, which use search models to analyse the effects of discrimination on those participating in the labour market. However, unlike previous models, we do not make any additional assumptions about employers' , employees' , or consumers' preferences, nor do we explicitly examine the conditions under which firms with a 'taste for discrimination' survive. Instead, we treat discrimination as an economy-wide stochastic process that affects the matching function. This is sufficient for testing the effects of wage-sector discrimination across different employment sectors and may be a tenable approach if-as appears to be the case in Ghana-discrimination is prevalent across many firms operating in many industries.
This paper proceeds as follows. In Section 2, we orientate this paper within the related literature. In Section 3, we describe the key properties of the urban Ghanaian labour market. We outline our model and then explain how we solve for the equilibrium in Sections 4 and 5 respectively. In Section 6, we present our main simulation results. In Section 7, we consider the comparative statics, linking the model to policy. In Section 8, we conclude.
Related literature and contribution
Search models have become a key tool in the analysis of labour markets. Building the notion that it takes time and potentially other resources for workers to find jobs and for employers to fill vacancies into a coherent framework has enabled economists to address many important research questions, providing key insights into what causes certain individuals to choose to remain unemployed, how unemployment and unfilled vacancies can coexist, and why wages may vary among homogeneous workers (Rogerson et al. 2005 ). This paper sits within two specific strands of the search literature: (1) the use of search models to better understand informality and self-employment and (2) the use of search models to examine labour market discrimination.
Search models, informality, and self-employment
Typically, search models focus on workers finding formal wage-employment jobs, either from unemployment or from an existing wage job through on-the-job search. However, only allowing for formal wage-employment is insufficient for modelling labour markets in developing countries, where informality and self-employment are prevalent. A number of recent papers have attempted to address this shortcoming. Lain IZA Journal of Development and Migration (2019) 9:6 Page 4 of 35
Some economists have used wage-posting models in the spirit of Burdett and Mortensen (1998) -where employers post the wages associated with particular vacancies-to model informality. Narita (2012) , for example, constructs a model in which workers can match with either formal-or informal-sector firms, as well as working in self-employment (or remaining unemployed). 2 At the same time, firms are able to choose between the obligation to pay taxes in the formal sector and the risk of being fined in the informal sector. Narita's model is also dynamic, in the sense that workers have the potential to learn about good business opportunities throughout their life cycle. When estimated using Brazilian data, the model not only successfully reproduces the composition of the Brazilian labour force, but also demonstrates that the chances of transitioning into self-employment are significantly higher for more experienced workers. While work experience is not an aspect of heterogeneity considered in this paper and we do not use the wage-posting framework, Narita's model is a helpful counterpoint to the class of models on which we primarily draw.
More commonly, Mortensen and Pissarides' (1994) random matching and bargaining framework has been used as the basis for search models that allow for self-employment or an informal sector. In one example, Saatchi and Temple (2009) build a model with an urban formal sector-in which firms and workers randomly match and then bargain over wages-that coexists with an urban informal sector-in which workers are self-employed and earn some fixed level of output. They also allow for an agricultural sector, from which potential workers can migrate. When calibrated to Mexican data, Saatchi and Temple's model produces a reasonably sized informal sector in the presence of formal sector frictions. Given its relative simplicity, the model can also be used to examine analytically the effects of shocks to sector-specific productivity, worker bargaining power, and tax policies, without requiring numerical methods. However, Saatchi and Temple's model does not allow for worker heterogeneity: this is a vital element of our modelling approach, since (1) we want to allow for the possibility that only some workers face discrimination and (2) we are interested in the resulting distribution of worker productivity and earnings in different sectors of the economy.
Our paper therefore draws most directly on the model by Albrecht et al. (2009) and its adaptation by Kerr (2012) , which allows for both informality and worker heterogeneity within a random matching and bargaining framework. In Albrecht et al. 's (2009) paper, unemployed individuals may transition into the formal sector-where productivity is heterogeneous and subject to shocks that lead matches to end or wages to be renegotiated-or the informal sector-where productivity and earnings are homogeneous. Noting that earnings dispersion is higher in the informal sector in African labour markets, Kerr (2012) modifies Albrecht et al. 's (2009) model by assuming that workers are heterogeneous in their informal sector productivity instead, with earnings dispersion arising in both sectors because workers' outside options (their informal sector welfare) during the formal sector wage bargain differ. This paper develops these models further by incorporating a further element of worker heterogeneity: their exposure to discrimination.
Search models and discrimination
Competitive labour market models, in which there are no frictions associated with the coming together of employers and employees, often predict that discriminatory outcomes Lain IZA Journal of Development and Migration (2019) 9:6 Page 5 of 35 cannot persist in equilibrium. As Becker (1957) describes, in a simple model in which there are two types of workers ('Type-As' and 'Type-Bs') and some subset of prejudiced firms that incur a utility cost from employing Type-Bs, there are two possibilities, neither of which lead to Type-Bs faring worse than Type-As. If the number of prejudiced firms is initially low, the market instantaneously and fully segregates, such that Type-Bs only work for unprejudiced firms. Even if the share of prejudiced firms is initially large, any Type-Bs working at prejudiced firms for lower wages can be attracted by expanding unprejudiced firms, who offer higher wages to exploit the arbitrage opportunity: prejudiced firms go out of business until these arbitrage opportunities no longer exist, and the market fully segregates.
As such, to allow for the possibility that discriminatory outcomes persist in equilibrium, one of the assumptions underpinning the competitive labour market model is typically dropped. For example, in models of 'statistical discrimination' , the assumption that employers have perfect information about the true underlying ability of potential employees is relaxed. Employers instead base their hiring decisions on observable characteristics, which they believe proxy for ability, such as gender or race. 3 Search and matching models, by contrast, depart from the competitive labour market model by adding frictions into the process through which employers and employees meet: this affords employers monopsony power and allows discriminatory outcomes to persist in equilibrium.
A number of papers-typically using the wage-posting framework-explore the specific conditions under which discriminatory outcomes can persist in search models in equilibrium. Black (1995) , for example, constructs a model in which firms are heterogeneous in terms of both their entrepreneurial ability and their 'taste for discrimination' , where unprejudiced firms are willing to employ both Type-A and Type-B workers, but prejudiced firms will only employ Type-Bs. 4 In Black's model, it is only those prejudiced firms with higher entrepreneurial ability that are sufficiently competitive to survive while indulging their taste for discrimination. Interestingly, even though only unprejudiced firms will actually employ Type-Bs, such firms still exploit the fact that Type-B workers have worse outside options when posting wages, driving Type-dependent earnings gaps in the model. In a related model, Sasaki (1999) shows that prejudice among potential coworkers-meaning that Type-A workers prefer to work with other Type-As rather than Type-Bs-can also drive discriminatory outcomes in equilibrium, as firms have to compensate Type-As for working alongside Type-Bs. Sasaki also shows that an increased taste for discrimination among Type-As (the extent of their unwillingness to work with TypeBs) increases their wages. As such, Type-As have an incentive to ensure discrimination persists.
As in this paper, some economists have even tried to consider what discrimination might mean in search models that explicitly capture self-employment. Borjas and Bronars (1989) , for example, build a model in which certain consumers derive dis-utility from buying goods from Type-B self-employed sellers (but not Type-As). However, since matches are random, consumers initially have imperfect information about the Type and price 'quoted' by self-employed sellers, and contacting other sellers is costly. This not only drives down the average earnings of self-employed Type-Bs, but also lowers the incentives for high-ability Type-Bs to become self-employed in the first place. However, while Borjas and Bronars' (1989) model is crucial for understanding discrimination within self-employment, the approach taken in this paper is different, insofar as we focus on the effects that wage-sector discrimination has the self-employed. This paper is closest to a series of studies that use a random matching and bargaining framework to try and empirically estimate the extent to which discrimination may drive race or gender earnings gaps observed in the labour market. In one example, Flabbi (2010) constructs a model in which certain firms incur some heterogeneous flow of dis-utility from hiring Type-Bs, while for workers, productivity, job arrival rates, and termination rates are all Type-specific. 5 Estimating the model to understand gender labour market inequality in the USA, Flabbi shows that as many as half of firms may be prejudiced and that discrimination accounts for around two thirds of the gender earnings gap.
To our knowledge, however, no existing search models that incorporate discrimination also allow for both self-and wage-employment. This constitutes one key contribution that this paper aims to make. Additionally, rather than assuming firms are heterogeneous like much of the existing literature, we characterise discrimination using a simple stochastic process that directly affects the matching function. This appears to be a sufficient and tenable approach for understanding how discrimination in the wage sector affects the self-employed.
Data: evidence from Ghana
Between 2004 and 2013, the Centre for the Study of African Economies (CSAE) collected longitudinal data from a sample of approximately 3000 individuals in four of Ghana's largest cities: Accra, Kumasi, Cape Coast, and Takoradi. This dataset-known as the Ghana Household Urban Panel Survey (GHUPS)-allows us to generate a set of stylised facts describing the labour market outcomes of women and men in urban Ghana. 6 Firstly, as Table 1 shows, women substantially outnumber men in self-employment, while the converse is true in wage-employment. In the GHUPS, workers are classified as self-employed if (1) they have principal control over their income-generating activity and (2) they use their own tools or other physical capital, if any are used at all. There are approximately three times as many self-employed women as there are self-employed men, whereas in the wage sector there are nearly the double the number of men compared to women.
Secondly, while gender earnings gaps persist in both self-and wage-employment, the differential is larger for the self-employed. The measurement of earnings in self-and wage-employment in the GHUPS is discussed in Appendix 2. As Table 2 shows, in 2013, men earned approximately 30% more than women at the median in the wage sector. In contrast, the median earnings of self-employed men were nearly double those of self-employed women. Moreover, the gender earnings gap for the self-employed is less well explained by observable differences in human capital and individual characteristics than the gender earnings gap for the wage-employed. By regressing self-and wage-employment earnings on gender with and without a set of controls including education and age, we can decompose the raw gender earnings gap into 'explained' factors-that is, differences between women and men in terms of observable human capital-and 'unexplained' factors-or differences between the returns to a given level of human capital, in the spirit of Blinder and Oaxaca (Blinder 1973; Oaxaca 1973) . The coefficient on gender in the regressions without controls can be interpreted directly as the raw gender earnings gap, the analogous coefficient in the regressions with controls comprises the 'unexplained' portion, while the difference between the two is the 'explained' portion (Elder et al. 2010) . The results, shown in Appendix 3, demonstrate that around 20% of the gender earnings gap in self-employment can be attributed to differences in observable human capital, compared with 27 percent for the wage-employed.
It is also important to consider how the raw gender earnings gaps that arise in both self-and wage-employment may be influenced by unobservable drivers of occupational selection, alongside the observable measures of human capital that are included in the earnings equations in Appendix 3. This helps to characterise what the unexplained components of the gender earnings gap might be. To assess the impact of such unobservable selection on the results, we can estimate a multinomial logit model for individuals' choice between the main five occupational statuses in the GHUPS-(1) self-employment, (2) wage-employment, (3) out of the labour force, (4) unemployment (not working but searching), and (5) being an apprentice-and then calculate selection correction terms based on the method described by Dubin and McFadden (1984) . 7 In effect, Dubin and McFadden's approach applies the insights of the Heckman model for sample selection to Lain IZA Journal of Development and Migration (2019) 9:6 Page 8 of 35 a setting with multiple categories (Heckman 1979) . As such, the model relies on finding 'exclusion restrictions' or variables that can be added to the multinomial logit but not the final earnings equation, which can plausibly influence occupational selection without directly influencing earnings. In this analysis, the exclusion restrictions comprise variables that capture sources of unearned income and parental characteristics. 8 Using the Heckman-type correction methods described above suggests that both observed and unobserved occupational selection drive the gender earnings gaps seen in the data. In wage-employment, the point estimates for the raw, unexplained, and explained gender earnings gaps all drop to less than 5% when the Dubin and McFadden selection correction terms are included. We can also reject the null hypothesis that the coefficient on the gender dummy is equal in the models with and without the selection correction terms. In self-employment, the picture is somewhat more complex. Even though the point estimates for the raw, unexplained, and explained gender earnings gaps fall substantially when correcting for unobservable selection, the standard errors for the selection-corrected model with controls in the earnings equation are relatively high. As such, we are unable to reject the null hypothesis that the unexplained gender earnings gap is equivalent in the model, which has controls, but which does not have the selection correction terms, and the model which includes both controls and the selection correction terms. 9 Since adjusting for unobservable selection appears to reduce the gender earnings gap in both self-and wage-employment, it may be that women are 'negatively' selecting into both of these sectors: this helps to characterise the unobservable drivers of selection. The data are consistent with a story where women, to a greater extent than men, are unable to select into the occupation in which they have comparative advantage and therefore in which their relative productivity and earnings would be highest. This paper suggests discrimination as a potential source of additional friction that prevents women from selecting occupations according to their comparative advantage. This is not to rule out other drivers of selection. For example, there exists a wide literature documenting the impact of family structure on women's labour market engagement-including a paper by Heath (2017) that uses the same GHUPS data as this paper-which could explain why women select into occupations that do not necessarily maximise their earnings. 10 The aim instead is to present wage-sector discrimination as a mechanism that appears plausible given how women and men are distributed across different occupations and given what they earn in those occupations. Thirdly, variation in earnings is greater for the self-employed than for the wageemployed. Much of this extra dispersion appears to be among relatively low-return activities, as shown by the long left tail on the self-employment earnings distribution in Fig. 1 . However, there is substantial variation in the earnings of women and men in both occupations.
Fourthly, as Tables 3 and 4 show, transitions between self-and wage-employment occur for both women and men. Approximately 14% of women and 10% of men engaged in wage-employment in 2012 were engaged in self-employment by 2013. Conversely, around 8% of women and nearly a quarter of men engaged in self-employment in 2012 had wage jobs by 2013. As such, individuals do not specialise fully in either self-or wage-employment: some will end up working in both sectors during their life cycle.
The model that follows aims to explain these disparities between the labour market outcomes of women and men, without assuming underlying gender differences in terms of productivity and without introducing additional constraints on women-such as lack of access to credit-directly into the self-employment sector. 
Model

Background
The population of workers, of size N, is divided into two, such that some proportion π A are Type-As (men) and some proportion π B are Type-Bs (women). The latter are affected by discrimination. We assume that π A = π and π B = (1 − π). Individuals are also heterogeneous in their self-employment ability, y ∼ Uniform(0, 1). This ability distribution is the same for Type-As and Type-Bs.
To model discrimination, we assume that Type-Bs face the possibility of some extra shock that immediately destroys a match with a particular firm. This shock hits potential matches with probability λ. By modelling discrimination as an exogenous and stochastic feature of the matching process, we can maintain the assumption that firms are ex ante homogeneous, such that there is no inherent heterogeneity in firms' preferences.
Our approach is therefore a departure from the models of Borjas and Bronars (1989), Black (1995) , Sasaki (1999) , and other search and matching models that allow for discrimination, as we do not attempt to endogenise the process through which prejudiced firms survive. The plausibility of this setup hinges on discrimination being widespread and similar in intensity across employers. Intuitively, λ can be understood as the proportion of 'interviewers' at each firm that are prejudiced and therefore unwilling to employ Type-B individuals. Direct evidence on this issue is somewhat scarce. Bowlus and Eckstein (2002) show that more than half of firms (56 percent) in the USA have a 'dis-utility factor' associated with employing black workers, but it is not clear these findings translate to gender discrimination in urban Ghana. Nevertheless, descriptive evidence indicates that gender gaps in terms of access to formal jobs and earnings persist across almost all industries in the Ghanaian economy (Baah-Boateng 2012) . This suggests that λ > 0 for at least some firms in each industry. Thus, although treating firms as homogenous is a strong assumption, modelling discrimination as an exogenous process in this way provides a tenable basis for our model.
Worker value functions
Both types of individuals can work in either wage-or self-employment, queuing for jobs in each sector in unemployment. Following Mortensen and Pissarides (1994) , workers are assumed to be risk neutral, have infinite lifespans, and discount the future at rate r.
In self-employment, individuals earn their marginal product determined directly by their ability y. 11 They also face some exogenous possibility that their self-employment activity will end, which occurs with probability q s . The flow value of self-employment for workers of Type-k = A, B, denoted rV k s (y), can be written:
The asset equation for unemployment is determined by some flow of unearned income, b, as well as the options of entering self-and wage-employment. The probability of a self-employment opportunity arriving is exogenously determined by the parameter α. However, the probability of obtaining a wage-employment opportunity is derived endogenously from the matching function, m k (.), which itself depends on labour market tightness, θ. We write the flow value of unemployment for each type, rV k u (y), as: Tightness in the labour market is dependent on the total number of unemployed Type-As and Type-Bs, labelled U A and U B respectively, as well as the number of vacancies, v.
Although the underlying matching function m(θ) is the same for both types, the probability that Type-Bs actually secure a wage job is adjusted for the fact that some matches are immediately destroyed due to discrimination by a factor of (1 − λ).
Finally, the flow value of wage-employment for both types is determined by the bargained wage, w k (y), as well as the possibility that a match ends. Separations are exogenous, occurring with some probability q e each period.
Despite what the transition matrices for urban Ghana show, we do not allow for direct transitions between self-and wage-employment, as doing so adds substantial complication to the model. Moreover such transitions are still captured by workers ability to move between self-and wage-employed jobs through unemployment. 12
Firm value functions
Firms, assumed to be risk neutral, can employ either one or zero workers. The value of a filled job will differ, depending on whether firms successfully match with a Type-A or a Type-B worker. Productivity in a filled job, z 0 , is assumed to be homogeneous. 13 As such, the value of a match for Type-As and Type-Bs only differs because the wage function is dependent on type. This arises because Type-Bs' outside options are reduced by the extra possibility that matches simply terminate immediately after formation, weakening their wage bargaining position. The flow value of matching with a Type-k = A, B worker with ability y, which we label r k e (y), can therefore be written:
The probability of matching with a Type-A or a Type-B worker is determined by the proportion of Type-As and Type-Bs among the unemployed. This is captured by the 
Wage determination
Wages are determined through a Nash bargain, which divides up the surplus derived from a successful match. Bargaining power is parameterised by γ , such that wages are negotiated to solve: Assuming that the equilibrium will be characterised by free-entry of firms, such that the value of posting a vacancy, v , is driven to zero, Eq. (8) can be solved for:
The differences in wages between Type-As and Type-Bs enter through the unemployment term, V k u (y). Conditional on y, this is lower for Type-Bs because their probability of a successful match that takes them out of unemployment into wage-employment is reduced by discrimination.
Solution
The equilibrium can be characterised by reducing the many equations in terms of many endogenous variables specified above, into just one equation in terms of one endogenous variable, namely θ. Four conditions define the equilibrium: (1) firms enter freely, such that the value of maintaining a vacancy is zero, (2) matches in the wage sector are consummated if and only if it is in the interests of worker and firm to do so, (3) steady state flows into and out of unemployment, self-employment, and wage-employment are equal, for each type, and (4) individuals only take jobs-in either self-or wage-employment-that are worth their while, given their type and their ability y. To find the equilibrium, we first use Condition (4) to derive some cut-off levels of productivity y, above and below which workers will forego work in either wage-or self-employment. Secondly, we use Condition (3) to derive the steady-state level of unemployment in the model. Finally, we bring these components together by using Condition (1) and rewriting the asset equation for posting a vacancy.
Productivity cut-offs
As in Roy's (1951) classic model of occupational choice, the jobs that individuals are willing to take depend on their self-employment productivity, y, as well as their type,
, workers will take wage-employment only if its flow value is greater than unemployment, such that X k e (y) > 0. Similarly, defining
, workers will participate in self-employment only if X k s (y) > 0. This implies there may be some type-specific cut-off values of y, where X k e (y) = 0 and X k s (y) = 0, above and below which certain jobs will not be taken. In order to interpret these cut-offs, we need to know how workers value wage-and self-employment differently-relative to unemployment-according to their productivity. That is, we need to understand how X k e (y) and X k s (y) change in y. Rearranging the worker value functions along with the wage schedule and differentiating, we can express
∂y in terms of
∂y , showing that these two differentials have (weakly) opposite signs.
It can further be shown that
∂y is always positive, while the sign of
∂X k e (y) ∂y
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At the first potential cut-off where X k s (y) = 0, unemployed individuals are just indifferent between accepting and rejecting a self-employment job: we label the level of productivity at which this occurs y * k . Since X k s (y) slopes upwards, unemployment is more valuable than self-employment when productivity is below y * k . This means workers with y < y * k would never accept self-employment opportunities. Intuitively, if y is low, the returns to self-employment are insufficient to tempt workers away from queueing for wage jobs, where they could achieve higher earnings in the future. 14 There is also a potential cut-off-which we label y * * k -where X k e (y) = 0 and unemployed workers are just indifferent between accepting and rejecting wage job offers. Since X k e (y) is weakly downward sloping, unemployment is more valuable than wageemployment when productivity is above y * * k . Workers with y > y * * k will never accept wage-employment offers, as they are better off biding their time in unemployment and waiting for a self-employment job, in which they have high productivity and therefore greater earnings.
Providing the lower productivity cut-off y * k exists, which is guaranteed under relatively mild assumptions about b, three types of equilibria may prevail (see Fig. 2 ). This depends on the upper productivity cut-off y * * k . The existence of both productivity cut-offs is discussed in Appendix 4. When z 0 is large relative to b, all individuals are willing to take wage job offers, so the upper cut-off at y * * k does not exist (Panel A). In this case, the lower cut-off at y * k simply divides individuals into those that would also be willing to work in self-employment y ≥ y * k and those that would not y < y * k .
If, however, b is large relative to z 0 , the flow value of unemployment is so high that no individuals are willing to take wage job offers, again meaning the upper cut-off at y * * k does not exist (Panel B). In this type of equilibrium, individuals with low productivity levels y < y * k never exit unemployment, because the returns to self-employment are insufficient to tempt them away from simply receiving b each period. However, individuals with higher productivity y ≥ y * k enter self-employment if such jobs arrive.
In the final case, where both cut-offs y * k and y * * k exist, individuals can be divided into three groups (Panel C). Individuals with very low productivity only ever accept opportunities in wage-employment, while individuals with very high productivity accept only self-employment opportunities. However, individuals with y * k ≤ y < y * * k , accept both self-and wage-employment jobs. These individuals do not fully specialise in either wageor self-employment and may transition (via unemployment) between different sectors throughout their lifetime. In the analysis that follows in Section 6, we restrict the values of z 0 and b to ensure the existence of both productivity cut-offs, such that an equilibrium of this type prevails.
Using the worker value functions and the wage schedule to solve for y * k in X k s y * k = 0, the lower cut-off can be expressed in terms of the model's exogenous parameters and the matching function:
The worker value functions and the wage schedule can also be used to solve for y * * k in X k e y * * k = 0. Since the m k (θ) and w k (y) terms are eliminated, y * * k can be expressed as a function of the exogenous parameters of the model, meaning that y * * A = y * * B , and the upper cut-off is unaffected by type. This is because workers with high self-employment productivity are not affected by discrimination in the wage sector, even if they are TypeBs, as they forego wage-employment opportunities anyway.
Steady-state employment flows
The flows between unemployment, self-employment, and wage-employment, for Typek = A, B workers depend on their productivity relative to the cut-offs, y * k and y * * k . Individuals with low productivity y < y * k will never take self-employment jobs, so the only relevant flow for them is between wage-employment and unemployment. By contrast, individuals with high productivity y > y * * k will never take wage-employment, so they only move between self-employment and unemployment. It is only individuals with middling ability y * k ≤ y < y * * k that are willing to become both wage-and selfemployed, and therefore flow from unemployment to self-and wage-employment (and back). In a steady state, these employment flows must balance so that the proportion of time that a Type-k, ability y individual is unemployed u k (y) , self-employed n k s (y) , or wage-employed n k e (y) remains unchanged and adds up to 1. The proportion of time spent by Type-k individuals with ability y in unemployment, self-employment, and wage-employment can be written:
The total number of unemployed Type-ks, which is needed to pin down θ, can be written as the product of the average proportion of time that a Type-k individual spends in unemployment E u k (y) and the total number of Tyke-ks in the population 15 . The total number of unemployed individuals (U) is then simply the sum of U A and U B . The Type-specific numbers of wage-employed and self-employed people N k e and N k s and the total numbers of wage-employed and self-employed people (N e ) and (N s ) can be calculated in the same way.
The free-entry condition
To find the model's equilibrium, we write a single equation in which the only unknown is labour market tightness, θ. We do this by rewriting the asset equation for posting a vacancy in Eq. (7), assuming that the free-entry of firms drives v down to 0, and incorporating all the information on occupational choice and steady-state employment flows from Sections 5.1 and 5.2. Setting v = 0 and noting that the max operators are redundant because firms will not accept matches that do not provide them with a positive profit, we can write:
The expectations operators in Eq. (18) are taken over all the possible values of y, separating out Type-As and Type-Bs, with which a firm could match. Since firms can only match with unemployed workers, we apply Bayes' Law to adjust the productivity distribution for the entire population 16 . The underlying productivity distribution for the full population, f (y), is the same for Type-As and Type-Bs, but the productivity distribution for 
Using the asset equations for filled jobs and the relevant wage schedules, we can therefore write the free-entry condition without the expectations operators as:
The only unknowns besides θ in Eq. (20)-aside from the unemployment rates and levels and the productivity cut-offs covered in the previous sections-are the unemployment flow value terms, rV A u (y) and rV B u (y). These will differ for individuals either side of y * k . For workers with y * k ≤ y < y * * k , for whom both self-and wage-employment are an option, the worker value functions can be rearranged for:
Similarly, for workers with y < y * k , who take only wage-employment opportunities, we can write:
As such, Eq. (20) is an expression with only one unknown: θ. By imposing a functional form on the matching function and finding values for the exogenous parameters, we can solve this equation using numerical methods. As shown in Appendix 5, the following standard conditions for the matching function (m(θ)) guarantee the existence of the equilibrium: As in other models that incorporate worker heterogeneity into the Mortensen and Pissarides (1994) framework, the uniqueness of the equilibrium cannot be guaranteed analytically (Chéron et al. 2011; Albrecht et al. 2017 ). We therefore follow Albrecht et al. (2009) and numerically verify that the right-hand-side of the free-entry condition in Eq. (20) is monotonically decreasing for all values of θ in the simulations that follow. Lain IZA Journal of Development and Migration (2019) 9:6 Page 17 of 35
Simulation results
To examine the effects of discrimination, we simulate the model for different values of λ, using the parameter values shown in Table 5 . Taking 1 year to be the implicit unit of time, the chances of exiting self-and wage-employment-q s and q e -can be calculated directly from the transition matrices in Tables 3 and 4 above. 17 The precise functional form for m(θ) and the value of α cannot be directly estimated from the GHUPS data, not only because we lack information on vacancies in the wage sector, but also because certain workers y < y * k will never take self-employment jobs and others y ≥ y * * k will never take wage-employment jobs. We therefore adopt the same Cobb-Douglas matching function used by Albrecht et al. (2009) for Latin America. We set α to 1 to ensure that the higher productivity cut-off, y * * k , exists (see Appendix 4). Moreover, assuming that individuals have at least one opportunity to enter self-employment each year seems reasonable, as the barriers to entry to many entrepreneurial activities in urban Ghana appear to be low. 18 Returns in each occupation are also, where possible, guided by the data. Given the substantial overlap in the distributions of earnings in self-and wage-employment, we set z 0 to 0.5, so the homogeneous productivity parameter in wage-employment is the mean and median of the distribution of self-employment productivity, y. We set b to 0 because no unemployed individuals received periodic social security unemployment benefits in Ghana in 2013 (International Labour Organization 2018) . This also ensures that both productivity cut-offs exist. The real interest rate and the cost of creating vacancies are set at 0.09 and 0.3 following similar work by Yassin and Langot (2018) on informality in Egypt. The bargaining parameter γ is set at 0.5: given that this equals the matching elasticity, the Hosios condition is satisfied.
Solving for the equilibrium level of θ can be recast as a root finding problem, by subtracting the right-hand-side of the free-entry condition in Eq. (20) from c. We solve for the equilibrium level of θ with Quasi-Newton methods, in particular using Broyden's approach (Broyden 1965; Miranda and Fackler 2002) .
Turning to the equilibrium ability and earnings distributions, we define h k j (y) as the density of ability in sector j = u, e, s, for a Type-k individual, and demonstrate how to calculate the ability distribution for the unemployed as an example. As shown in Eq. (19), Bayes' Law allows us to write h k u (y) in terms of the proportion of time that Type-k, ability y individuals spend in unemployment, u k (y), as well as the underlying distribution of productivity in the population, f (y), and the average unemployment rate for Type-ks U k /Nπ k . Since u k (y) takes different values either side of the cut-offs y * k and y * * k , the probability density function (PDF) for h k u (y) has three discontinuous portions as shown in Eq. (23). The PDFs of ability for the self-employed, h k s (y), and the wage-employed, h k e (y), can be recovered in exactly the same way.
In self-employment, the PDF for ability can equally be interpreted in terms of earnings, but this is not the case for the wage-employed. The wage distribution, which we label g k (w), only varies between w k y * k and w k y * * k . All individuals with y < y * k simply receive w k (0) = w k y * k . This is because wage-employment productivity, z 0 , is homogenous and the outside option of unemployment-which determines workers' bargaining position-is constant in y for these individuals, since they will never become self-employed. This reduces dispersion in earnings for the wage-employed. However, there is variation in wages for individuals with y * k ≤ y < y * * k since, they are willing to take self-employment jobs, so the outside option of unemployment varies in y (see Eq. (21)). The highest wage paid is w k y * * k because, any individuals with y > y * * k cannot be incentivised by firms to take wage jobs given their productivity and hence their earnings in self-employment.
Across unemployment, self-employment, and wage-employment, the ability and earnings distributions for Type-As First-Order Stochastically Dominate the distributions for Type-Bs in the baseline model with discrimination, as shown in Fig. 3 . The implication, however, that mean ability is lower for Type-Bs than Type-As in all three sectors is prima facie somewhat puzzling since both Types have the same underlying ability distribution. This begs the question of where the 'missing' ability for Type-Bs actually goes.
To reconcile this puzzle, we need to consider how discrimination affects the labour market sorting of Type-As and Type-Bs differently. Firstly, as shown in Table 6 , when λ > 0 there are more unemployed Type-Bs than Type-As in the equilibrium of the baseline model with discrimination, resulting directly from the extra frictions that Type-Bs face in obtaining wage jobs. This drives down average ability among the unemployed Type-Bs because it is lower productivity individuals that struggle to exit unemployment more with wage sector discrimination. The outcomes of the higher productivity unemployed TypeBs, however, are unchanged, because their opportunities to work in self-employment remain. This emphasises the fact that the effects of discrimination are not equal across the whole distribution of Type-Bs.
There are also more self-employed Type-Bs than Type-As, because the extra wage sector frictions associated with discrimination result in less productive Type-Bs accepting both wage-and self-employment. This is reflected in the fact that y * B is lower when discrimination is introduced into the model. Thus, the extra Type-B workers in selfemployment are of lower ability, on average, than those who would be self-employed were there no discrimination. Finally, Type-Bs' average ability in wage-employment is lower than Type-As' because it is the higher ability wage-employed Type-Bs who are induced to accept both self-and wage-employment by discrimination. Thus, even though there are fewer wage-employed Type-Bs, these workers have lower productivity, on average. This intuition is reflected in Fig. 4 , which shows the PDF of ability for Type-Bs in the wage sector both with and without discrimination. Vitally, setting λ > 0 reduces the lower cut-off, as shown by the shift from y * B to y * B . As such, it is individuals with productivity just below y * B that suddenly become less likely to enter the wage sector when λ > 0: it is the most able wage-employed workers that are pushed out of the wage jobs first by discrimination.
Decomposing Type-Bs' average ability, E B [ y], we can see how these three effects combine to create ability and earnings gaps in all three sectors, despite the distribution of ability being identical for Type-As and Type-Bs. This is shown in Eq. (24) by writing E B [ y] in terms of average ability in each sector, E h B j (y) ∀ j = u, s, e, and the proportion of Type-B individuals that are unemployed, self-employed, and wage-employed. The underbraces show the impact of adding discrimination into the model. The negative effect that introducing discrimination has on the first and second terms on the right-hand side is entirely offset by the positive effect on the third term.
The intuition behind this puzzling result can also be couched in terms of the Roy (1951) model of occupational choice. Labour market frictions prevent individuals from selecting jobs on the basis of comparative advantage alone. These imperfections in the sorting process lower the average ability for both types in each sector. However, since Type-Bs face extra frictions due to discrimination, their occupational selection departs even further from their comparative advantage. This drives a wedge between the values of the lower cut-off for Type-As and Type-Bs and explains why ability and earnings differentials can persist across all three sectors. The model also suggests that discrimination may exert spillover effects on Type-As. In particular, discrimination increases Type-As' chances of gaining wage jobs, reducing the number who are unemployed. This is because they face a slacker labour market. Firstly, they are better insulated against competition from the Type-Bs, which increases their chances of successfully matching with a firm. At the same time, firms actually create more vacancies as they need to compensate for the fact the discrimination instantly destroys some proportion of potential matches.
Interpreting Type-As as men and Type-Bs as women, the baseline model with discrimination matches the stylised facts emanating from the GHUPS in Section 3. Men dominate wage-employment, while women are over-represented in self-employment. Average gender earnings gaps persist in both sectors, but are larger for the self-employed than the wage-employed. Also, earnings are more dispersed for the self-employed than the wage-employed, as bargaining between worker and firm makes the link between ability and earnings less direct in the wage sector. Finally, since y * * k exceeds y * k for both types, there are some individuals who do not fully specialise in either wage-or self-employment.
Comparative statics
This section considers the comparative statics for three key parameters to demonstrate the links between wage sector discrimination and policy. Productivity in wageemployment, z 0 , serves as a proxy for growth. The flow of unearned income in unemployment, b, captures government-provided unemployment benefit. The rate at which unemployed individuals receive opportunities to become self-employed, α, illustrates the role the government may play in alleviating barriers to entry into selfemployment, for example, by providing better access to inputs or credit. As in previous models incorporating worker heterogeneity and self-employment or informality into Mortensen and Pissarides' (1994) random matching and bargaining model, it is not possible to review the comparative statics purely analytically. As such, we take the simulations from Section 6, in the case with discrimination with λ = 0.5, and investigate the comparative statics numerically. Nevertheless, it is possible to differentiate some of the key components of the equilibrium-such as the productivity cut-offs, the size of each sector, and the ability distributions-while holding θ constant. This turns out to be a useful approximation for the overall effects and illustrates some of the main mechanisms that cause sectors to expand and contract and average earnings to rise and fall differently for Type-As and Type-Bs as the key parameters are altered.
Varying z 0
Higher levels of productivity in wage-employment-which can be seen as a proxy for economic growth-draw both Type-As and Type-Bs into wage-employment and out of self-employment. This is clear in the numerical simulations shown in Figure 5 in Lain IZA Journal of Development and Migration (2019) the fact that both of the productivity cut-offs are increasing in z 0 . While the numerical simulations calibrated using the GHUPS data show that increasing z 0 decreases unemployment for both types, we can see analytically that the effects on unemployment are ambiguous and dependent on the other parameters in the model. Differentiating U k with respect to z 0 , while holding θ constant, we can write:
Increasing z 0 thus produces two countervailing effects. On the one hand, the resulting rise in y * k reduces the proportion of individuals who are willing to work in both self-and wage-employment: this places upward pressure on unemployment because more low-productivity individuals rule out becoming self-employed. On the other hand, the resulting rise in y * * k increases the proportion of people who are willing to work in both self-and wage-employment: this suppresses unemployment because more high-productivity individuals consider becoming wage-employed as well as self-employed.
The balance of these two countervailing effects depends on m k (θ) and α, such that discrimination makes it more likely that a rise in z 0 will increase unemployment for Type-Bs. A higher level of α boosts the upward pressure that the resulting rise in y * k has on unemployment while also reducing the downward pressure from the resulting rise in y * * k . Intuitively, if self-employment jobs are easier to find, the increase in z 0 will induce fewer high-productivity to consider wage-employment as well as selfemployment. The converse is true for m k (θ). In particular, if it is easier to match with a wage job, high-productivity workers are more likely to consider wage-employment alongside self-employment and some relatively high-productivity workers start excluding the option of self-employment altogether. This is, however, less likely for Type-Bs if discrimination is more widespread as, with a higher λ, m B (θ) will be lower. Thus, discrimination increases the likelihood that unemployment among Type-Bs will rise when the economy grows.
Average ability and earnings in both wage-and self-employment also rise if z 0 is increased, but discrimination slows this process for Type-Bs. Again, these effects emerge because both of the productivity cut-offs are increasing in z 0 . Higher-productivity workers are less inclined to exclude the possibility of wage work and some relatively high-productivity individuals begin to exclude self-employment, so average ability and earnings rise among the wage-employed. At the same time, this leaves a smaller pool of individuals with an even higher level of of y in self-employment. However, the effects of the shifting cut-offs are suppressed when m B (θ) is lowered by discrimination. To illustrate this, we can use the properties of the uniform distribution to write expressions for average ability and earnings in each sector and then differentiate with respect to z 0 while holding θ constant. For example, for average ability in wage-employment, we can write: Lain IZA Journal of Development and Migration (2019) positively, the extent of discrimination, λ enters negatively. As such, discrimination may potentially slow the distribution of the proceeds of growth.
Varying b
While raising unemployment benefit, b, increases unemployment and self-employment at the expense of wage-employment in the numerical simulations shown in Figure 6 in Appendix 6, looking analytically at the effects of raising b once again reveals that these results are sensitive to the other parameters in the model. This arises because b moves the productivity cut-offs in different directions:
while ∂y * * k ∂b θ =θ * < 0. Intuitively, higher unemployment benefits afford workers the opportunity to wait for longer before accepting a job, reducing the need to take any job that comes along. In turn, workers can specialise more in either wage-or self-employment in accordance with their productivity. In the numerical simulations, increasing b causes y * * k to fall faster than y * k rises for both types. As such, the increase in the proportion of high-productivity workers who are only willing to do self-employment rises faster than the fall in the proportion of low-productivity workers who are willing to do wage-employment only. 
The likelihood that increasing b leads to a rise in wage-employment (and a decline in self-employment) is therefore higher when m k (θ) is lower. For Type-Bs, this happens when discrimination is more widespread (λ is higher). As such, unemployment benefits Lain IZA Journal of Development and Migration (2019) may offer a way of shifting employment from self-employment to the wage sector, especially for Type-Bs. The effects of changing b on average ability and earnings in each sector are similarly ambiguous, although-as the simulations show-an interesting wedge emerges between earnings and ability in wage-employment. This arises because unemployment becomes a more tenable outside option, affording wage workers more bargaining power.
Varying α
While Section 6 considers how altering the matching function for wage-employmentby introducing discrimination-alters Type-As' and Type-Bs' labour market outcomes, there is a supplementary question over the impact of changing the arrival rate for opportunities in self-employment. As the simulations in Figure 7 in Appendix 6 show, the number of individuals in self-employment rises at the expense of wage-employment if α is increased. These changes are almost entirely driven by the top of the productivity distribution. Since ∂y * k ∂α θ=θ * = 0, there are only very small changes in y * k , brought about by the adjustment in labour market tightness θ. The upper cut-off, by contrast, declines relatively sharply with higher levels of α. When self-employment opportunities come along more frequently, higher-productivity workers of both types are more willing to forego wage-employment and pursue a job in which they have comparative advantage.
Correspondingly, there are moderate declines in average ability and earnings in all sectors of the economy, as α is increased. As the the upper cut-off falls, more individuals with lower productivity are drawn into self-employment. At the same time, it is those individuals with the highest ability among those who were previously willing to take both self-and wage-employment, that start to ignore the option of becoming wage-employed, with higher levels of α. Indeed, the effects of changing α are analogous to the effects of changing λ (as in Section 6), but the mechanism operates around the higher productivity cut-off, rather than the lower one.
Conclusion
In this paper, we develop a search and matching model of the labour market, which gives workers the option of self-employment and allows for gender-based discrimination in the wage sector. Discrimination is modelled without assuming firms are heterogeneous: instead we assume that there is some stochastic shock to the matching function for all female job seekers, which affects all firms in the economy. This can be thought of as each firm containing some proportion of prejudiced interviewers, whom job seekers may encounter. This approach may be tenable in countries like Ghana, where workers' outcomes depend on their gender across many industries and many sectors. The model also includes individual heterogeneity in terms of self-employment productivity: this affects wage workers' outside options generating earnings dispersion in the wage sector too.
We show that earnings and ability gaps can persist in all sectors of the economy, even if the underlying ability distributions for women and men are identical. Drawing on the logic of the Roy (1951) model, this result arises because labour Lain IZA Journal of Development and Migration (2019) 9:6 Page 25 of 35 market frictions push individuals away from the jobs that best match their comparative advantage. In the presence of discrimination, women's occupational choices are even more distorted than those of men, driving down their average ability in each sector. Our model therefore suggests an alternative explanation for why earnings gaps are so large for the self-employed, without assuming that there are underlying differences between the productivity distributions of women and men and without building discrimination into the self-employment sector itself. This has crucial policy implications for countries like Ghana, where self-employment is prevalent among women. Previous programmes have solely targeted self-employed women, either by trying to build their entrepreneurial ability through training and mentoring or by attempting to relax constraints to business growth by improving access to credit and other inputs. However, this paper suggests that improving the outcomes of women in self-employment requires a more holistic approach, including policies that target discrimination or other frictions in wageemployment. Gender inequality in the labour market cannot be eliminated one sector at a time.
Endnotes
1 The female and male labour force participation rates in 2013 were 74 and 79 percent respectively (International Labour Organization 2018).
2 A later version of this model, which does not allow for self-employment but which focusses more directly on firm heterogeneity, is discussed in Meghir et al. (2015) . 3 For examples see, Aigner and Cain (1977) , Coate and Loury (1993) , and Moro and Norman (2004) . 4 For an extension with a third type of firm that employs both Type-As and Type-Bs and pays them equal wages, see Lanning (2014) . 5 Flabbi's (2010) builds directly on work by Bowlus (1997) , Eckstein and Wolpin (1999) , and Bowlus and Eckstein (2002) . 6 Details of the sample are provided in Appendix 1. 7 The relative merits of different approaches for correcting for selection using the multinomial logit in different settings are discussed at length by Bourguignon et al. (2007) . The method due to Lee (1983) offers a potential alternative to the Dubin and McFadden approach. Unlike Dubin and McFadden's approach, Lee's method makes the restrictive assumption that the covariance between the earnings equation error terms and the selection equation error terms is the same for all occupations, so it is not preferred for the analysis in the paper. However, in certain circumstances -especially where the sample size is small relative to the number of categories -Lee's approach may be more appropriate, since the multiple correction terms generated by the Dubin and McFadden approach may be collinear, reducing the efficiency with which the earnings equation parameters can be estimated. As such, we focus on the results from Dubin and McFadden approach, but check the results are robust to using the Lee method and highlight any differences that arise. 8 Specifically, the exclusion restrictions for unearned income comprise two dummy variables for whether the individual lived in a household with agricultural land or non-agricultural land and a dummy variable for whether the individual received any 
Appendix 2: Measurement of earnings
Despite its importance for determining consumption and poverty, measuring earnings is no easy task (Teal 2011) . There are two particular challenges associated with measuring earnings using the GHUPS, to which this paper must respond. Firstly, while the GHUPS adopted a different strategy for measuring earnings in wage-and self-employment, this should not drastically affect the analysis undertaken in this paper because the key earnings comparisons are between women and men, rather than between the wage-and self-employed. Earnings in wage-employment were measured by asking workers to report all pre-tax monetary payments from employers to employees, excluding bonuses or allowances. Earnings in self-employment were measured by asking self-employed individuals to report their profits, calculated as revenues minus all costs (including the costs of hired labour). Unfortunately, there is no general question that asks about take-home earnings in the same way for both wage-and self-employed individuals as there has been in other surveys conducted in Ghana (see for, example, the Ghana Living Standards Survey). That said, even in surveys conducted in similar contexts where the self-employed have been asked a general take-home earnings question alongside questions about revenues, costs, and profits, the correlation between the responses to the two types of questions has tended to be quite low (Vijverberg 1991; 1992) . Nevertheless, there is a sizeable overlap between the earnings distributions for the self-and the wage-employed, especially for those wage-employed individuals working in small firms (Sandefur et al. 2006 ). This suggests that the figures obtained from the separate self-and wage-employment sections of the GHUPS could be plausible, even if there were no inter-occupation frictions. Thus, for this paper-in which the analysis does not depend directly on comparisons between earnings in wage-and self-employment-having two different approaches for measuring earnings in the two occupations should not have a large effect on the results.
Secondly, focussing just on the self-employed, several steps were taken to measure selfemployment earnings (through profits) as accurately as possible. Since self-employed individuals in developing countries rarely keep formal accounts of their revenues and costs, and differentiating between business and personal expenditures may be difficult, it is sometimes suggested that any estimates of profits will provide inaccurate signals of earnings (Rankin et al. 2010) . When the GHUPS data were collected, however, the enumerators carefully explained the concepts of 'revenues' , 'business costs' , and 'profits' to the respondents to ensure they were understood. The surveys also included a long list of questions about costs-including on raw materials, others' labour, rental of buildings and vehicles, and utilities-to ensure all aspects of self-employed individuals' businesses were covered. At the same time, the surveys were conducted with handheld computers, which flagged any potential inconsistencies in the reported answers (such as costs exceeding revenues) to the enumerators in real time, so they could verify with respondents. Responses from each day of the survey were also reviewed by field supervisors and the survey team. Thus, even before analysis began, many measures had been undertaken to ensure the earnings data for the self-employed were of high quality.
We also ensure that the analysis-in particular for the gender earnings gaps-is robust to the inclusion/exclusion of outliers. In the main results, outliers are dropped at the 5th and 95th percentiles, but varying these percentiles and even leaving all outliers in does not qualitatively affect the main results. Appendix 3: Decomposition of gender earnings gap for self-and wage-employment Table 9 Earnings equations for self-and wage-employment 
